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The Mount Washington Observatory (fig. 1) is going 
through its second year of operation. The unique his- 
tory of this contemporary undertaking is out'lined in a 
paper presented at the fourteenth annual meeting of the 
American Geophysical Union (Apr. 27, 1933) by R. S. 
Monahan and S. Pag1iuc.a. (Transactions A.G.U., 
pp. 85-88.) 

Meteorological observations and radio experimenting 
were started in October 1932 and have been carried on 
continuously for the past 14 months. The work, origin- 
ally started for the purpose of cooperating with the second 
international polar year, is now embracing wider aims, 
particularly the resumption of the valuable series of 
observations carried on by the United States Signal 
Service from 1871 to 1887 the year around and for the 
followin 5 years during the months of July-September 

pedition of 1870-71. 
With the increasing importance of a better knowledge 

of the upper air from the dynamic standpoint, the neces- 
sity of high-level observations is evident. Present means 
of upper-air observations are generally restricted to condi- 
tions favorable to the particular method used. In the case 
of mountain stations, once the local to ographical influence 
on meteorological factors have been a etermined by means 
of auxiliary observations with airplanes, kites, balloons, 
etc., stations at the 2,000-meter level or higher would 
undoubtedly furnish invaluable data on the upper air. 
Mount Washington (1,915 m) favorably located in a 
region of frequent general storms, promises to yield data 
of a value commensurate with the necessary efforts and 
expenses. 

The summit observatory is supplemented by two 
comparison etations one at 610 meters in Pinkham Notch 
and another a t  795 meters a t  the base station of the 
Mount Washin ton Cog Railway; both equipped with 

During the months of June-September data on temper- 
ature, humidity, wind, precipitation, and cloudiness were 
gathered a t  the various huts of the Appalachian Mountain 
Club and Dartmouth Outing Club. The Greenleaf hut at, 
about 1,250 meters on the west slopes of Mount Lafayette 
wag particularly well equipped for complete observations. 

Mr. S. P. Fergusson made his headquarters a t  the ob- 
servatory last summer (1933) for his important aerological 
work by means of kites and airplane flights to determine 
the influence of the mountain on free air conditions. 
Many students and meteorologists have visited the ob- 
servatory and availed themselves of the opportunity 
offered by the comfortable quarters, and expressed deep 
interest in the work. 

The data obtained during the past 13 months of obser- 
vations are now being tabulated by the observatory staff 
in accordance with international practice. It is expected 
that data and results obtained on Mount MTashington 
will be published in full a t  an early date. I t  is also hoped 
that the prompt and regular availability of daily weather 
reports from the summit may be of some value to the 
forecaster. 

Because of the peculiar difficulties experienced in 
obtaining current and special observations on Mount 
Washington, an outline of the methods used to secure 
reliable and continuous records may prove of value, 

only, fo 7 lowing the famous Hunthgton-Hitchcock ex- 

standard and se 7 f-recording instruments. 

Mounta.in meteorology in this country deserves the 
best encouragement in the light of modern instrumental 
methods and theoretical trends, and Mount Washing- 
ton, the oldest mountain station in the world, located 
on Qhe stormiest peak ever studied continuously, is 
trusting to the cooperation of interested individuals and 
organizations to continue its cont,ribution to meteoro- 
lo$cal and allied sciences. 

To Dr. C. F. Brooks, director of the Blue Hill Obsema- 
tory, Mr. Henry S. Sham-, Mr. S. P. Fergusson, the 
Meteorological Department of the Massachusetts Insti- 
tute of Technology, and many other supporters the 
observatory staff: Joseph B. Dodge, director; Alexander 
A. McKenzie, summit radio operator; Salvatore Pagli- 
uca, Wendell F. Stephenson, and Robert G. Stone, sum- 
mit observers, are particularly indebted for having made 
possible the realization of this project. 

Atmospheric pressure.-A mercurial barometer for 
direct reading, a mercurial barograph, and an aneroid 
barograph are used for atmospheric pressure measure- 
ment. The dynamic action of the wind and other 
causes inherent to the location of the station are fre- 
quen tly responsible for pronounced pressure oscillations 
which in some instances have reached the order of 0.2 
inch on the recording instruments. These actions are 
being s stematically studied in order to obtain quanti- 
tative d ata. 

An attempt to determine the dynamic action of the 
wind on the mountain slopes was made last May with 
five well-equipped stations operating for 10 clays on 
the west and east sides and intercommunicating by 
telephone and radiotelephone. The unfortunate lack of 
atmospheric action prevented obtaining the desired 
results, but simultaneous cloud observations and various 
other data were obtained. Plans are laid out for repeat- 
ing this experiment very shortly, and perhaps more than 
once this winter, with the cooperation of several hardy 
volunteer observers. 

MTiiul velocity.-The first real effort to obtain a con- 
tinuous record of wind movement on Mount Washington 
was made last winter (1932-33), when the conventional 
type of cup anemometer was replaced with an electrically 
heated anemometer of special design, electrically con- 
nected to a weekly recorder. This instrument was 
installed on the observatory building, 8 feet above the 
roof ridge, and consisted of a stationary heater of the 
type commonly used in electric stoves and a cup-wheel 
rotor. Heat was applied during the long and frequent 
periods of rime and ice deposition (fig. 2). Early experi- 
ences proved the insufficiency of this design and the 
necessity of improvements. A new and improved ane- 
mometer was designed and built with the aid of the 
Pernianent Science Fund of the American Academy of 
Arts and Sciences. The heater is totally enclosed except 
for a small air gap around the shaft. A double-circuit 
heating device of 700 watts maximum capacity permits 
the application of heat according to requirements. 
Other features are vacuum contacts for electrical record- 
ing, a special connection box, ball beaTings, and an all- 
around sturdy and accurate mechamcal construction. 
The velocity characteristic of the instrument is far 
from being ideal, but its chief purpose is to record with 
the accuracy of modern standardization methods, rime 
forming winds of superhurricane force. 



M.W.R.. January 1934 





JANUARY 1934 MONTHLY WEATHER REVIEW 17 

The anemometer was recently standardized at the 
United States Bureau of Standards and is to be exposed 
on a structure on top of the summit tank a t  an actual 
height of 10 meters above the geographical summit. The 
heat is supplied from the observatory 100 meters dist.ant 
by means of lead-covered 20-conduc tor cables carrying 
110 volts, direct current. A service shelter on the tank 
is electrically illuminated and connected by telephone to 
the observatory. Although the recording is obtained 
electrically a t  the observatory building, a frequent walk 
to the instrunie,n t is necessary, particularly under extreme 
conditions. 

In  connection with the electric heating of the wind- 
measuring instruments, and in order to assure a more 
accurate record of the duration of rime deposition, an 
ingenious device has been developed and called rime 
detector. I t  consists of a photoelectric cell which is acted 
upon by the light of an ordinary flashlight bulb, retlected 
by a small mirror exposed to the elements. As the rime 
starts forming on the mirror the reflected beam of light 
is weakened and the photoelectric cell, by means of an 
amplifier and a relay, acts as an alarm circuit. This 
circuit could be made to start automatically the power 
plant, but manual operation is preferable during the 
winter. A somewhat less reliable device, hut with reverse 
action, is being built on the well-known principle of the 
thermo-hygrograph on the assumption that rime generally 
starts forming a t  below freezing temperature and 100 
percent relative humidity. 

Experiments are being conducted with n hot-air 
anemometer in order to develop a more econoniical 
means of heating t,he wind-measuring inst.ruments, and a 
Pitot static tube is nvailable for comparison readings 
under special conditions. 

V'ind direction..-The necessity of obtaining a reliable 
and continuous record of wind direction suggested the use 
of wind vanes of special design, electrically heated a t  the 
collar so as to be let free to rotate during rime-forming 
periods, and equipped for mechanicnl and electrical 
recording. I n  order to reduce rime accuniulntion the tail 
e.nd of the vane only is being used, and various types of 
vanes are being tried. The over-all length is about 25 
inches. Two of these vanes are being esposed, one at  
t,he end of the trestle and another on the summit tank, 
tmo avoid faulty wind-direction readings due to the in- 
fluence of the summit buildings. 

Precipitation.-Precipitation on Mount Washington 
generally occurs with high winds, which are influence.d in 
direckion and int,ensity by the topography of the summit 
and the presence of the summit buildings. Hence con- 
sistent results could only be obtained by exposing a 
number of ga es at  various points in order to average 

essary to equip the gages with shields in order to reduce 
the direct disturbing influence of the wind. After a series 
of experiments, in which the actual effect of the shield 
on the wind was studied by observing the orientation and 
length of rime feathers forming around it, a simple type 
of funnel-shaped shield with 4 5 O  angle of deviation and 30 
inches upper diameter, was found satisfactory and 
standardized for all purposes (fig. 3). Four shielded 
gages located a t  cardinal points and one unshielded gage 
for comparison purposes are now being used. Wherever 
necessary, gages are slanted so as to make the upper 
surface parallel with the mountain slope. Collect,ion is 
made twice a day, oftentime with considerable diEiculties. 
Drifting snow seriously complicates the precipitation 
measurements. A close investigation of this problem is 
being conducted in order to determine as closely as possi- 

possible distur B ing effects. Moreover, it was found nec- 

4441-3 

ble the amount of drifting snow that is blown in the gages 
under different conditions of wind direction and velocity 
and the type of snow on the ground. 

There seems to be hardly any relationship between the 
amount of snow caught in the gages and the amount of 
snow actually staying on the summit ground for any 
length of time. The strong westerly winds blow a huge 
amount of snow on to the eastern slopes and into the 
western ravines, where it stays until early summer. 
This drifting action makes it very difficult to determine 
even approximately the amount of snow on the ground. 
Drifts 10 to 15 feet high may alternate with almost bare 
spots. The amount of snow on the ground is given as the 
average of a number of depths obtained a t  points where 
drifting is absent or negligible, and special mention is 
made of size and fre uency of drifts. 

titatively the huge amount of rime deposition on the 
summit, only a record of duration and intensity of 
deposition is being kept with particular reference to the 
average rate of growth and maximum length of rime 
feathers on exposed objects. Feathers longer than 5 feet 
have been observed building against the wind (fig. 5). 

For convenience we have agreed to call rime all 
depositions having a well-defined featherly appearance 
and resulting from cold fogs (or clouds) generally bIown 
by westerly winds; and rough frost all despositions de- 
riving from wet fogs (or clouds) a t  slightly below freezing 
temperature blown by winds of general southerly direc- 
tions. Rough frost has the appearance of ice masses and 
has a much higher specific gravity than rime. 

During the winter, fdl, and spring months the station 
is more than 50 percent of the time in rime-forming fogs 
(or clouds). I t  therefore is favorably located for investi- 
gations on the important problem of ice formation on air- 
craft and an effort will be made this winter (1933-34) to 
establish a standard by which rime deposition can be 
recorded in a way similar to precipitation. 

A i r  tem~~erature.--Standard mercurial and spirit ther- 
mometers are used for recording current and extreme 
tempera tures, and thermographs of the Bourdon tube 
type are used for continuous temperature records. 
These instruments with relatively little attention give 
satisfactory results under severe conditions. 

Relatit-e h umidity.-The sling psychometer and hair 
hygrometer are being normally used for the measurement 
of relative humidity. The unsatisfactory results ob- 
tained from these two instruments a t  low temperature 
and rimy conditions suggested to the meteorolo cal 

and the Blue Hill Observatory a concerted experimental 
attack on this problem. Simult.aneous tests by means 
of a dew-point indicator, heated Assmann, sling psychro- 
meter, hair hygrometer, sampling of air by means of 
previously exhausted bottles, Aitken counter, and Owens 
counter, have been made with the utmost care. These 
various methods show a more or less degree of consistency 
under somewhat, favorable conditions. Dr. H. C. Willett 
has kindly agreed to discuss the preliminary results of 
these tests. 

The development of a reliable and convenient instru- 
ment for the determination of the dew point and relative 
humidhy a t  low temperature and rapidly variable 
conditions is a necessity in view of the developments of 
aviation, polar, and mountain meteorology. 

Clouds observations.-Detailed cloud study is being 
made in accordance with international practice. Nepho- 
scopic observations are being made regularly a t  least 
every 3 hours. The height of clouds is obtained by 

Rime depo8ition.- e acking a standard expressing quan- 

department of the Massachusetts Institute of Techno ff ogy 
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Mount 
Wash- 
ington 

means of pilot balloons and occasionally by means of 
double nephoscope and double theodolite observations. 
A systematic study will be conducted by means of 
multiple nephoscope observations to determine the 
influence of the mountain on the height of medium and 
perhaps high clouds. 

Aerologic obseroations.--'WThenever conditions permit, 
hydrogen-inflated pilot balloons with 180 meters per 
minute ascensional rate are released and followed with a 
theodolite (fig. 4). A complication is being introduced 
in the computation of the nscensions where the initial 
elevation angle is negative due to downdraft effect,. 
When enough double theodolite ascensions shall have 
been made, it will be possible to work out a scheme for 
calculating with a fair degree of accuracy the position 
of the balloon during the downward run. 

So far more than 200 pilot balloon ascensions have 
been made. In one instance a balloon released 100 yards 
below the windward side of the summit followed nearly 
the same downward course of a balloon released from the 
summit. 

Solar radiation.-Total solar and sky radiation on a 
horizontal surface is being recorded by means of an 
Eppley-type pyrheliometer bulb (fig. 5, right, top) 
connected to an Engelhard recorder. One of these bulbs 
was continuously exposed to the full severity of the ele- 
ments last winter (1932-33), and was undamaged until 
overloaded by lightning last spring. Direct solar obser- 
vations are made on clear days by means of n thermopile. 
All the solar apparatus was loaned and installed by 
the Epplep Laboratory, Inc., of Newport, R.I. 

Aurora borealis.-The frequency nnd various develop- 
ments of auroral displays are accurately recorded on 
star charts supplemented by theodolite measurements. 

Optical phenomena.-Optical phenomena are accurately 
recorded in time and dimensions. Particular emphasis 
is given to coronae and halo measurements. Unusual 
visibility and time and character of sunrises and sunsets 
are also rccorded. 

Pinkbam 

Snow temperature.-Various tests of snow temperature 
a t  various depths have been made and correlated with 
variations in the air temperature. 
Snow and rime sediments.-Samples of snow and rime 

sediments were taken and sent to the Massachusetts 
Institute of Technology for analysis. 
Sonit- nldeorological (lata o n  Mount Washinglon and comparison 

stations j o r  1938 

4. 59 
5.58 
6.90 
9.45 
3.66 
5.36 
4. 63 

10.13 
5.04 
4. 64 
5.69 
4. 11 

Monthly mean t.emperature 
in degrees F. 

3.03 
3 . i 5  
7.80 
8.07 
3. 33 
2.87 
6.36 
7.76 
2.74 
6. 77 
1.89 
4.97 

Wash- 
ington 

April ................... 
May .................... 
June .................... 
July .................... 
August ................. 

January.. .............. 12.6 
February ............... 7.0 
March .................. 9.2 

25.4 
37.0 
4fi. 1 
49.2 
49. 1 

36.9 
50.7 
69.2 
60.6 
59.3 
54.2 
42.0 
28.4 
14.fi 

43.0 
67.8 
66.9 
ti9. 1 
67.4 
60.0 
48. 4 
33.1 
20.0 

_ _ ~  
~~~ 

,inkham Concord, 1 N.H. 

September .............. 
October ................ 
November .............. 
Decamber.. ............ 

24.3 30.8 
20.8 1 27.6 
22. 7 31. 1 

42.2 
29.7 
12.2 
5.0 

May ............................................ 

July .............................................. 
August ........................................... 
September 
October. ......................................... 
Norember.. ..................................... 

June ............................................ 

....................................... 

Monthly precipitation in 
inches 

35.8 lfi. 9 
32. 1 12.8 
26.4 12. 9 
24.8 13.0 
34.2 10.8 
41.0 14. 1 
52.0 17.0 

...................................... December.. , 59.0 19. 2 

?oncord, 
N.H. 

1.05 
3.27 
5.23 
6. 36 
2.44 
1.26 
3. 25 
6.01 
4.54 
4.90 
1. M 
2.76 

Arerape hourly mind movement 
in miles per hour 

Mount. 

9. 3 
8. 7 
7.4 
7.6 
7.6 
9.3 
9.3 
9.2 

Maximum pressure, 24.20 inches (S.L. 30.75 inches) Oct. 21. 
Minimum pressure, 22.51 inches (S.L. 28.74 inches) hlar. 9. 
Maximum temperature, 71.0' F. June 28. 
Minimum temperature -46.2' F. Dee. 29. 
Maxlmum wind velocity, 164, miles per hour, recorded on Apr. ;. 
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The following have been selected from among t,he t.it,les 
of books recently received as representing t,hose most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 

Abbot, Charles Greeley. 
Sun Rpots and weather. WaRhington. 1933. 10 p. diagrs. 

24% cm. (Smithsonian miscellaneous collections. v. 87, 
no. 18.) (Roebling fund.) 

Acta phaenologica. 
International phenological journal . . .  onder redact,ie 

:an het bestuur der Nederlatndsche phaenologische vereenig- 
ing. Eerste deel. 1932. s-Gravenhage. 24f4 cm. 

Brooks, Donald Bane. 
Psychrometric charts. Washington. 1933. 3 p. 27 cm. 
(U.S. Bureau of standards. Miscellaneous publications, 
no. 143.) (At head of title: U S .  Department of com- 
merce. Daniel C. Roper, secretary. Bureau of standards. 
Lyman J. Briggs, director.) 

Esthonia. Meteorologisches Observatorium. 
Weather map. 1931. Tartu. 1931. 35 rm. (Tnrtu uli- 

kooli lnet,eorologia obserrrttooriumilt,. Ilmakeart.) 
Far East geophysical institute. 

Records. Vlsdivost,ok. No. 2 (IX). 1932. 24fi cm. [Au- 
thor and title in Russian and English.] 

Jinsen. Meteorological observatory. 
Upper-air current observations. 1-2. 1930-31. ZinReii [Ja- 

hlount Washington reoccupied: The esperiences of a scientific 
expedition upon the highest mountain in New England, 
1933-33. Brrtttleboro. 1933. 270 p. front., illus. (maps, 
plates, ports., facsim). 21 rm. (This espedition served as a 
cooperating unit in a world-wide network of meteorological 
stations known as the Second international polar gear.) 

Tableau des pluies de dBcembre 1932. janvicr et f6vrier 1933. 
Tunis. 1933. 7 p. map (fold.) 24>4 rm. (Bulletin 
Direct. gBn. agric., comm. et colon. 2e trim. 1933.) 

pan.] (TyBsen.) 26 cm. n.d. 
Monahan, Robert Scott. 

Tunis. Service m&brologique. 

Wood, Robert Williams. 
Physical optics. 3d ed. New York. 1034. svi, 846 p. 

front., illus., dioRrR. 22 cm. 


